Technological advance requires a combination of inspiration, insight, and the know-how to combine already existing tools to create new products. Recent advances in the rapidly moving field of synthetic biology, discussed in this issue's Select, are enabling an expansion of our ambitions to re-engineer life.
Adding New Letters to the Genetic Alphabet
Look at a genome, any genome, and what you will see is a nearly endless string of As, Cs, Ts, and Gs. Malyshev et al. (2014) now break this monotony by engineering the bacterium E. coli so that it will propagate a pair of unnatural bases. The synthetic bases, known as d5SICS and dNaM, differ from native bases from a chemical standpoint in that their interaction depends predominantly on hydrophobic bonds and not the hydrogen bonds of classic dA-dT and dG-dC pairs. Previous work has shown in vitro that these bases can be incorporated into DNA, transcribed, and amplified by PCR. However, moving them in vivo presents challenges, not least of which is how to ensure that the synthesized nucleotide triphosphates (NTPs) are available for endogenous polymerases. To overcome this hurdle, the authors exogenously express NTP transporters from algae and show that they can mediate import of the unnatural NTPs supplied in the media (and further establish an alteration to the growth media that promotes NTP stability in the bacterial periplasm). From there, the bacterium takes charge, proving impressively adept at using the unnatural NTPs to replicate a plasmid that includes the nonnative base pair. The bacteria appear to grow normally, and the unnatu- The unnatural base pair formed between the predominantly hydrophobic nucleotides d5SICS-dNaM is efficiently replicated within E. coli by the native replication machinery. Courtesy of J. Chin.
Making Metabolites
Creating useful compounds in microorganisms for industrial and pharmaceuticals purposes is a major goal of synthetic biology, but going from idea to a desired metabolite can be a tortuous path through chemical space, given that many different routes might theoretically lead to the same endpoint. Knowing which might work, or work best, requires much trial and error. To facilitate this process, Carbonell et al. (2014) present XTMS (http://xtms. issb.genopole.fr), an online platform that researchers can use to explore prospective biosynthetic pathways. The query process starts with the user designing or inputting their desired compound. In a subsequent step, potential paths to making it are ranked, along with specific information on the number of steps, intermediates, and predictions of maximum available yield. A graphical interface then allows further exploration of these paths to obtain ranked lists of genes that might be useful for carrying out individual enzymatic steps. Given XTMS's flexibility and ease of use, this platform may serve as the starting point for many projects seeking to make new metabolites and will provide an outlet for the creative exploration of biosynthetic possibility. Carbonell, P., et al. (2014) 
Tune in for the Latest in Genetic Circuit Design
Making synthetic genetic modules interact with one another as part of larger circuits usually entails devising links that act via transcription factors. A disadvantage of this approach is that coupling between modules is relatively slow. A way to speed things up by an order of magnitude comes from the recent discoveries of Prindle et al. (2014) , who devise a means of coupling synthetic genetic modules using the host cell's native degradation machinery. They show that, when E. coli ClpXP has its native substrate load decreased by H 2 0 2 treatment, the output of separate genetic modules can be coupled through degradation via engineered tags. Further, changing the linker length upstream of the degradation tag can be used to establish the phase offset of degradation after the input stimuli. Using this principle of circuit coupling via degradation, the authors create a system in which clocks with very different time scales act on the same output pathway to achieve multispectral encoding (an output that encodes features of multiple inputs). This is similar to the information content that can be embedded in radio waves transmitted at an underlying base frequency (that is, the radio station you tune into). What biological music will be composed in this new code? Only time can tell. For now, the larger message of the study is that synthetic biologists should look to host posttranslational processes for support in producing ever more dynamic, elaborate, and useful circuits. Prindle, A., et al. (2014) . Nature 508, 387-391.
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The XTMS interactive platform ranks promiscuous enzymatic steps, toxicities, and yields to facilitate exploration of prospective biosynthetic pathways. Courtesy of J.-L. Faulon.
